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Abstract 
Selection of most apposite machining method is very crucial in precision machining of micro parts. Micro machining has wide 
applications in the fabrication of micro-electro-mechanical systems (MEMS), micro- fluidics and precision surgical instruments. 
The machining processes for these diverse applications have to be selected based on different accuracy attributes combined with 
least operating cost. So formulation of an appropriate selection methodology is very decisive. The aim of this paper is to develop 
a methodology for machining process selection by comparing the various attributes. An integrated approach combining technique 
for order preference by similarity to ideal solution (TOPSIS) & analytic hierarchy process (AHP) have been proposed. A case 
study has been presented to select from the major nontraditional machining processes for the purpose of micro drilling of fuel 
injector nozzle hole of specific diameter ranges by comparing their various attributes. The research shows that the methodology 
TOPSIS integrated with AHP is a very effective technique in selection of machining process based on applications by 
considering different attributes. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of RAEREST 2016. 
Keywords: Micro machining; micro drilling; process selection; AHP; TOPSIS 
1. Introduction 
Recent progress made in the field of electronics and printed circuit boards, optics, micro-electro-mechanical 
system (MEMS) has created a need for machining of micro sized holes with high aspect ratio in extremely hard and 
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brittle materials. The complexity and degree of precision required for such components on these industries need the 
holes to be straight accurate and exactly positioned. This led to introduction of a new type of drilling called micro 
drilling. Micro drilling generally refers to drilling of holes less than 0.5 mm diameter. The small dimension of these 
holes adds further complexity to the process as coolant fed drills cannot be used and the requirement of balanced 
high speed tool head. This led to the increased use of nontraditional methods [1, 2]. 
When it comes to selection of process for micro drilling, companies usually select the process which cost them 
lowest capital investment. For creating large number of micro holes rapidly, for example micro drilling turbine 
blades, usually electron beam machining (EBM) or laser beam machining (LBM) is used [3]. But as the number of 
holes required to be drilled reduces, selecting the right process which is economic in the long run can be difficult. In 
this paper a new methodology combining analytical hierarchy process (AHP) and technique for order of preference 
by similarity to ideal solution (TOPSIS) is used to select the micro drilling process for the drilling of micro holes in 
fuel injector nozzle by including various parameters like minimum diameter up to which a particular process can 
drill, surface finish, hole tolerance and operating expenses so that the process may be profitable in the long run.  
2. Nontraditional machining 
Nontraditional manufacturing processes are defined as a group of processes that remove excess material by 
various techniques involving mechanical, thermal, electrical or chemical energy or combinations of these energies 
but do not use sharp cutting tools as it needs to be used for conventional manufacturing processes. A brief 
description about nontraditional methods that are compared in this paper is given below. 
Electric discharge machining (EDM): It is a spark erosion process, in which material is removed by means of an 
electric spark generated between conductive materials (i.e., tool electrode and work piece material) by means of an 
electric generator, immersed in a dielectric medium. In micro-EDM, the electric pulse energy is reduced to make the 
material removal in micro meter level. Micro-EDM is used for machining micro features including micro holes in 
various kinds of advanced engineering materials [4]. 
Electro stream drilling (ESD): It is used to drill holes that are too deep to be drilled by EDM. Here a negatively 
charged stream of acid electrolyte is impinged on the work piece from a finely drawn glass tube nozzle. The 
electrolyte jet acts as a cathode. The work piece acts as anode. A suitable electric potential is applied across the two 
electrodes. The material removal takes place through electrolytic dissolution when the electrolyte stream strikes the 
work piece [4, 5]. 
Ultrasonic machining (USM): In this machining operation a vibrating tool oscillating at ultrasonic frequencies is 
used to remove material from the workpiece, aided by abrasive slurry that flows freely between the workpiece and 
the tool [6, 7]. 
Laser beam machining (LBM): It is a thermal material removal process that utilizes a high energy coherent light 
beam to melt and vaporize particles on the surface of metallic and non-metallic work pieces [3]. 
           Table1. Comparison of capabilities of nontraditional micro drilling processes [4, 8] 
Process Minimum 
diameter (mm) 
Ultimate hole 
depth (mm) 
Maximum 
aspect ratio 
Hole tolerance 
(mm) 
Operating 
voltage (V) 
Surface finish, 
Ra, (µm) 
EDM 0.13 62.5 20:1 0.025 30-100  0.05 
ESD 0.1 300 40:1 0.03 150-850  0.01 
LBM 0.125 17.5 75:1 0.05 4500 0.4 
EBM 0.025 7.5 100:1 0.025 150000 0.2 
USM 0.075 25 10:1 0.025 220  0.25 
 
Electron beam machining (EBM): It is also a thermal material removal process in which narrow beam of high 
energy electron is directed towards the workpiece which heats, melts and vaporizes the material there by creating a 
hole or any geometry as required [4]. A comparison of capabilities of different nontraditional methods are shown in 
Table 1.  
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3. Decision making methodology 
    Decision making is a problem solving process that includes evaluation of various criteria which have to be 
analyzed from different angles.  For this purpose different methodologies have been developed. Two of them are 
being used in this paper are AHP and TOPSIS.  
3.1. AHP 
AHP is an excellent method for incorporating intuitive and subjective considerations [9]. This method is used in 
this paper to find individual weightage of capabilities of different micro drilling processes. The relative weightage 
between each pair of process capability under consideration may vary from person to person and that variation can 
be a source of error. But experience and careful study of the requirement for a particular need can result in 
assignment of proper weights during comparison to develop a pairwise comparison matrix. With the help of this 
matrix a normalised priority vector can be found out which serves as weightage of individual process parameters 
[10]. 
3.2. TOPSIS 
     TOPSIS is a method that finds the ideal process suited for our need by finding a process that is closest to the 
ideal solution and farthest away from the negative ideal solution [11]. In this process, first a decision matrix is made 
with alternatives in the rows and the process capabilities in the columns. After this, the matrix is normalized and 
then individual weights for process capabilities are multiplied so that a weighted normalized matrix is obtained. 
From this, a positive ideal solution and negative ideal solution are obtained after which separation measures of each 
alternative to these ideal solutions are calculated. Using these separation measures, relative closeness to ideal 
solution for individual alternative is calculated and hence we get the order preference for the processes that are being 
compared. 
4. Case study: Micro hole drilling of fuel injector nozzle 
      Fuel injectors are the devices that are used for spraying the fuel into the combustion chamber. The fuel is made 
to go through the injection nozzles under high pressure which breaks up and atomizes into a spray. This process of 
atomization depends on surface roughness, hole diameter, inlet chamfer radius etc. Since this is an important 
performance determining device in an engine, strict tolerances are imposed in its manufacturing and hence it is a 
high precision machining [12]. 
      In this paper, hole drilling of fuel injector nozzle is being considered. The recent trend is reducing the hole 
diameter and increasing the throughput [8]. The implication is that even though the diameter is fixed for a particular 
nozzle, for making improved nozzles the diameter of the nozzle hole has to be reduced. Due to this trend, a process 
has to be so selected that it has the capability to drill holes with reduced diameter in case the manufacturer 
introduces improved nozzles in the future. To include this aspect of manufacturing, minimum diameter that can be 
achieved by a process is also being considered as a parameter for process selection.  
      As of now micro-EDM is the method of choice for micro drilling [13]. Electric discharge machining is a highly 
flexible process which can machine complex shapes in single pass. Low operating cost, good tolerance and surface 
finish makes this process a very attractive one for drilling nozzle holes. This paper compares the parameter of EDM 
with other machining processes and suggests the best process based on criteria of application for the micro drilling. 
4.1 Application of AHP for finding the weights of process parameters. 
      Parameters that are being considered are operating cost, surface roughness of the drilled hole, minimum 
diameter that can be achieved by a process and hole tolerance. Reducing the hole diameter has to be considered only 
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when the future advanced nozzle production is taken into account. From manufacturing point of view, reduced 
operations cost is of more important. Parameters like surface roughness and hole tolerance are of moderate 
importance as they affect the performance of nozzle. 
      To incorporate the operating costs of a particular process, operating voltage is considered and normalized. Other 
operating costs such as operator’s charges, costs for abrasive slurry as in the case of USM, costs for coolants etc. are 
not included in this paper. These charges may be included as per the intuition of the process planner. For processes 
like EDM and ESD, a range of operating voltage for the machining process is given in the Table 1. For calculation 
purpose the average of the operating voltage is considered in this paper.  
Step 1: A five-point scale as shown in Table 2 is taken in to account for making the pairwise comparison matrix. 
 Table 2. Five-point scale of pairwise comparison 
Preferences Numerical rating 
Strongly preferred 5 
Moderately preferred 3 
Equally preferred 1 
 
When comparing the parameters, intermediate values can also be assigned. If second parameter is preferred over the 
first, the reciprocal of the rating is assigned. The following Table 3 is obtained after pairwise comparison of the 
parameters. 
  Table 3. Pairwise comparison matrix of process parameters 
 Minimum diameter Hole tolerance Operating cost Surface finish 
Minimum diameter 1 1/3 1/5 2 
Hole tolerance 3 1 1/2 4 
Operating cost 5 2 1 5 
Surface finish 1/2 1/4 1/5 1 
 
Step 2: The matrix is then normalized using the equation (1) and the following matrix as shown in Table 4 is 
obtained. 
 
ݎ௜௝ ൌ ௫೔ೕ෍ ௫೔ೕ೘೔సభ
         (1) 
                 
   Table 4. Normalized pairwise comparison matrix for process parameters 
 Minimum diameter Hole tolerance Operating cost Surface finish 
Minimum diameter 0.1053 0.0930 0.1053 0.1667 
Hole tolerance 0.3158 0.2791 0.2632 0.3333 
Operating cost 0.5263 0.5581 0.5263 0.4167 
Surface finish 0.0526 0.0698 0.1053 0.0833 
 
Step 3: The priority vector can be found out from this normalized matrix using the equation (2) 
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  ௜ܲ ൌ
෍ ௫೔ೕ
೘
೔సభ
௠         (2) 
Using this equation, the weightage for individual parameters are found out to be:  
Minimum Diameter: 0.1176; Hole Tolerance: 0.2978; Operating Cost: 0.5069; Surface Finish: 0.0777 
Step 4: Consistency check is done for the above result and consistency ratio is found out to be 0.0211. Since it is less 
than 0.1, it is well within the acceptable range for consistency. 
4.2. Application of TOPSIS for finding the ideal process for micro machining. 
Step 1: First the decision matrix as shown in Table 5 is formed for the processes under consideration. For operating 
costs, operating voltage is taken into consideration. The average of operating voltage range is taken for calculation 
assuming that it is the operating voltage of the machine under consideration is the same. 
      Table 5. Decision matrix for processes [4, 8] 
 Minimum 
diameter  (mm) 
Hole tolerance 
(mm) 
Operating cost 
(V) 
Surface finish, 
Ra (µm) 
EDM 0.13 0.025 65 0.05 
ESD 0.1 0.03 500 0.1 
LBM 0.125 0.05 4500 0.4 
EBM 0.025 0.025 150000 0.2 
USM 0.075 0.025 220 0.25 
  
Step 2: The above decision matrix is normalized using equation (3) and the following matrix as shown in Table 6 is 
obtained 
ݎ௜௝ ൌ ௫೔ೕ
ඨ෍ ௫೔ೕమ
೘
೔సభ
        (3) 
     Table 6: Normalized decision matrix 
 Minimum 
diameter  (mm) 
Hole tolerance 
(mm) 
Operating cost 
(V) 
Surface finish, 
Ra, (µm) 
EDM 0.5885 0.3444 0.0004 0.0953 
ESD 0.4527 0.4132 0.0033 0.1907 
LBM 0.5659 0.6887 0.0299 0.7628 
EBM 0.1132 0.3444 0.9995 0.3814 
USM 0.3395 0.3444 0.0015 0.4767 
 
Step 3: Weighted normalized matrix is then found out by multiplying the normalized decision matrix by parameter 
weightage and the following Table 7 is obtained. 
    Table 7: Weighted normalized decision matrix 
 Minimum 
diameter  (mm) 
Hole tolerance 
(mm) 
Operating cost 
(V) 
Surface finish, 
Ra, (µm) 
EDM 0.0692 0.1025 0.0002 0.0074 
ESD 0.0532 0.1231 0.0017 0.0148 
LBM 0.0665 0.2051 0.0152 0.0593 
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EBM 0.0133 0.1025 0.5066 0.0296 
USM 0.0399 0.1025 0.0007 0.0370 
 
Step 4: In the above table, all the parameters are considered to be non-beneficial criteria as every one of them has to 
be minimized to get an ideal solution. Accordingly, positive and negative ideal solutions are found out. 
The positive ideal solution is found out to be: 0.0133, 0.1026, 0.0002, 0.0074 
The negative ideal solution is found out to be: 0.0692, 0.2051, 0.5066, 0.0593 
Step 5: The separation measure for individual processes are then found out using the following equations (4) and 
(5). 
 
Positive separation measure:   ݏ௜ା ൌ ඨ෍ ൫ݒ௜௝ െ ݒ௜ା൯ଶ
௡
௝ୀଵ
      (4) 
 
 ݏଵା ൌ ͲǤͲͷͷͻǡ ݏଶା ൌ ͲǤͲͶͷͷǡ ݏଷା ൌ ͲǤͳʹ͹ͷǡ ݏସା ൌ ͲǤ ͷͲ͸ͺǡ ݏହା ൌ ͲǤͲ͵ͻͺ  
 
Negative separation measure:   ݏ௜ି ൌ ඨ෍ ൫ݒ௜௝ െ ݒ௜ା൯ଶ
௡
௝ୀଵ
     (5) 
 
ݏଵି ൌ ͲǤͷͳͻʹǡ ݏଶି ൌ ͲǤͷͳ͵ͺǡ ݏଷି ൌ ͲǤͶͻͳͶǡ ݏସି ൌ ͲǤ ͳʹͲͷǡ ݏହି ൌ ͲǤͷͳ͹ͷ 
Step 6: Relative closeness to ideal solution is now found by the relation (6). 
 
 ܥ௜כ ൌ ௦೔
ష
௦೔శା௦೔ష
        (6)  
 
Where i=1,2,…,m. 
ܥଵכ ൌ ͲǤͻͲʹͺǡ ܥଶכ ൌ ͲǤͻͳͺ͸ǡ ܥଷכ ൌ ͲǤ͹ͻͶǡ ܥସכ ൌ ͲǤͳͻʹͳǡ ܥହכ ൌ ͲǤͻʹͺͷ 
5. Results and discussion 
In this study the advantage of AHP to include qualitative and quantitative factors [14] while decision making is 
utilized very effectively for determining the weights of factors such as minimum possible drilling diameter, surface 
finish, hole tolerance and operating expenses for each micro drilling processes. AHP is widely used for assessing the 
weightage and prioritization in industrial as well as social problems because of its ability to reconcile inconsistencies 
in the data [15]. TOPSIS methodology which transfer criteria in to two objectives which are commensurable and 
most of the time conflicting. Then a compromising solution is found out by balancing the satisfaction of each 
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objectives. The TOPSIS methodology is utilized for final selection of micro drilling process with calculated 
weightages of each factors because of its easy and accurate decision making [16, 17]. 
Relative closeness values obtained from equation (6) are arranged in descending order for priority ranking. Micro 
machining process with highest relative closeness value is taken as the best suited process for micro drilling. When 
processes are ranked according to their relative closeness, the priority ranking is obtained as USM > ESD > EDM > 
LBM > EBM. The most appropriate micro drilling process is evaluated as USM by this methodology with the 
highest value of relative closeness to ideal solution 0.9285. ESD and EDM assessed nearby with just a small 
difference of 0.0099 and 0.0257 respectively to the USM.  Since the separation measure is nearly the same for USM, 
ESD and EDM with an average value of 0.91 it can be argued that any of the three process can be used for nozzle 
hole drilling. In this paper USM is found to have an edge over the other two. If highly accurate micro drilling is to 
be done for very low diameter i.e. below 100µm, advanced nontraditional machining process like EBM is the only 
possible solution as of now. For such uses operating cost will not be a constrain. If a process selection has to be 
made for other applications of micro drilling, the procedure described in this paper, which can be implemented by 
changing the parameters and its priorities, is a very effective method for the selection process. 
6. Conclusion 
In this study a ‘TOPSIS integrated with AHP’ methodology is evaluated for the selection of drilling process for the 
micro hole drilling by considering the factors such as minimum diameter up to which a particular process can drill, 
surface finish, hole tolerance and operating expenses. For micro drilling process, even though the EDM is the most 
preferred process for nozzle hole drilling, it has been found out in this paper that USM can be used as an alternative 
process for the same. The ESD also indicated a promising assessment value to act as a substitute for EDM in fuel 
injector nozzle hole drilling. The methodology showed as an effective technique in selection of processing methods 
based on applications by considering different attributes. 
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